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(54) Parking brake apparatus for industrial vehicle 



(57) A parking brake (1 2) for maintaining an indus- 
trial vehicle in a stationary position is kept engaged by a 
holding mechanism (12d). The parking brake is disen- 
gaged by a releasing mechanism (13). Whether the 
vehicle speed is equal to greater than a predetermined 
value is determined based on a detection signal from a 



speed detector (1 7). If the vehicle speed is less than the 
predetermined value, the releasing mechanism is con- 
trolled such that the parking brake is automatically 
engaged. 
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Description 

[0001] The present invention relates to a parking 
brake apparatus for industrial vehicles. 
[0002] Like ordinary automobiles, industrial vehi- 
cles, such as forWrfts, have a service brake and a park- 
ing brake. The service brake is used for controlling 
speed when the vehicle is moving and for stopping the 
vehicle. The parking brake is for maintaining the vehicle 
in a stationary position when the vehicle engine is not in 
gear. The parking brake is connected to a parking lever 
by a cable or a link. The parking lever is manipulated by 
a hand or a foot. A manipulation force applied to the 
lever is transmitted to the parking brake by the cable or 
the link. 

[0003] Japanese Unexamined Patent Publication 
No. 6-247190 discloses an industrial vehicle having an 
auxiliary brake. The vehicle has a transmission, which 
includes a torque converter and hydraulic forward and , 
reverse clutches. The auxiliary brake is located in the 
transmission. When the vehicle is moving and handling 
a load at the same time, the handling speed of the load 
is controlled based on the manipulation amount of a 
loading lever. Specifically the engine throttle is control- 
led by manipulating the loading lever. The load manipu- 25 
lation speed is controlled based on the engine throttle. 
The vehicle speed is set to a target value regardless of 
the engine speed. The target value of the vehicle speed 
is determined based on the depression amount of an 
acceleration pedal. That is. the braking force of the aux- 30 
iliary brake and the engagement of one of the forward 
and backward clutches are controlled such that the 
vehicle speed matches the target value. 
[0004] The parking brake is switched between a 
parking position and a release position by manipulating 35 
a parking brake lever. The parking brake lever takes up 
space in the operator cab, which reduces the space for 
other accessories and limits the flexibility of the design. 
[0005] When parking the vehicle the operator must 
switch the parking lever to the braking position and 40 
when starting the vehicle must release the lever to the 
release position, which makes the operation trouble- 
some. When temporarily stopping the vehicle on a 
sloped road, the operator must either use the parking 
brake or keep the brake pedal depressed to actuate the as 
service brake, which also makes the operation trouble- 
some. If the operator only uses the service brake when 
temporarily stopped on a sloped road, releasing the 
brake pedal causes the vehicle to move away from the 
desired location. 

[0006] The vehicle disclosed in Japanese Unexam- 
ined Patent Publication No. 6-247190 has the auxiliary 
brake in addition to the service brake. However, the aux- 
iliary brake cannot be used as a parking brake. Thus, 
when temporarily stopping the vehicle on a sloped road, 
the operator must keep the brake pedal depressed or 
use the parking break. 

[0007] Accordingly, it is an objective of the present 



invention to provide a parking brake apparatus that 
eliminates the necessity for a parking lever and also 
eliminates the necessity for continuously depressing a 
brake pedal when temporarily stopping a vehicle on a 
5 slope. 

[0008] A second objective of the present invention 
is to. provide a parking brake apparatus for industrial 
vehicles that prevents the vehicle from being moved in 
an undesirable direction when the parking brake is 
10 released when the vehicle is on a sloped road. 

[0009] A third objective of the present invention is to 
provide a parking brake device for industrial vehicles 
that permits the vehicle to creep after the parking brake 
has been released after having temporarily stopped the 
is vehicle when moving very slowly, by changing the force 
applied to the brake controller. 

[0010] To achieve the foregoing and other objec- 
tives and in accordance with the purpose of the present 
invention, a parking brake apparatus for an industrial 
vehicle is provided. The apparatus includes a braking 
member for maintaining the industrial vehicle in a sta- 
tionary position, holding means for holding the braking 
member in an engaged state, releasing means for 
releasing the braking member from the engaged state 
and first detection means for detecting the speed of the 
vehicle and generating a speed indication signal. The 
apparatus further includes determination means and 
control means. The determination means determines 
whether the vehicle speed is equal to or less than a pre- 
determined value based on the speed indication signal 
from the first detection means, and generates a first 
determination signal. The control means controls the 
releasing means to engage the braking member, based 
on the first determination signal. 
[0011] The present invention may also be embod- 
ied in an industrial vehicle having a parking brake for 
maintaining the industrial vehicle in a stationary posi- 
tion. The vehicle includes holding means for holding the 
parking brake in an engaged state, releasing means for 
releasing the parking brake from the engaged state and 
a vehicle speed detector for detecting a speed of the 
vehicle. The vehicle also includes determination means 
and a controller. The determination means determines 
whether the vehicle speed is equal to or less than a pre- 
determined value based on a signal from the speed 
detector. When the controller detects that the vehicle 
speed is equal to or less than the predetermined value 
based on a determination signal from the determination 
means, the controller controls the releasing means to 
so engage the parking brake. 

[001 2] Other aspects and advantages of the inven- 
tion will become apparent from the following descrip- 
tion, taken in conjunction with the accompanying 
drawings, illustrating by way of example the principles of 
55 the invention. 

[0013] The invention, together with objects and 
advantages thereof, is best understood by reference to 
the following description of the presently preferred 
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embodiments together with the accompanying drawings 
in which: 

Fig. 1 is a diagrammatic view showing an apparatus 
according to a first embodiment of the present 
invention; 

Fig. 2 is a first graph showing the relationship 
between the weight of a load and threshold engine 
speeds for releasing a brake of the embodiment 
shown in Fig. 1 ; 

Fig. 3 is a second graph showing the relationship 

between the weight of a load and threshold engine 

speeds for releasing a brake; and 

Fig. 4 is a diagrammatic view showing an apparatus 

according to a second embodiment of the present 

invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ■ 

[0014] A braking apparatus according to a first 
embodiment of the , present invention will now be 
described with reference to the drawings. The appara- 
tus is used in an industrial vehicle, which is a forWift in 
this embodiment 

[001 5] As shown in Fig. 1 , an output shaft 1 a of an 
engine 1 is coupled to a transmission 3. The transmis- 
sion 3 has a torque converter 2 and is coupled to shafts 
5 through a differential gear 4. Each shaft 5 is coupled 
to a driven wheel 5a and has a service brake 6. The 
engine 1 has a throttle actuator 7. The throttle actuator 
7 controls the throttle opening thereby controlling the 
engine speed, or the number of rotations of the output 
shaft 1a. 

[001 6] The transmission 3 has an input shaft (main 
shaft) 3a and an output shaft (counter shaft) 3b. A for- 
ward clutch 8 and a reverse clutch 9 are located on the 
input shaft 3a. Gears (not shown) are provided between 
the forward clutch 8 and the output shaft 3b and 
between the reverse clutch 9 and the output shaft 3b. 
Rotatioaof the input shaft 3a is transmitted through the 
clutches 8, 9 and the gears. The clutches 8, 9 are pref- 
erably multiple disk hydraulic wet clutches. The engage- 
ment force of the clutches 8, 9 is controlled by changing 
the oil pressure in oil chambers 8a, 9a. That is, the 
engagement force is increased by increasing the oil 
pressure in the chambers 8a, 9a. The oil pressure in the 
chambers 8a, 9a is controlled by a forward clutch valve 

1 0 and a reverse clutch valve 1 1 . The clutch valves 10, 

1 1 are proportional solenoid valves. Each clutch valve 
10, 11 controls the valve opening in accordance with the 
level of a current supplied thereto. 

[0017] A parking brake 12 is located on the trans- 
mission output shaft 3b. In other words, the parking 
brake 12 is located within in the transmission 3. The j 
parking brake 12 includes disks 12a, which rotate inte- 
grally with the output shaft 3b, and brake pads 12b, 
which do not rotate relative to the output shaft 3b. The 



brake pads 12b serve as braking members. Each brake 
pad 12b is urged by a spring 12d toward the corre- 
sponding disk 12a. The spring 12d urges the pads 12b 
to generate engaging pressure to stop the output shaft 
5 3b. The parking brake 12 has a pressure chamber 12c. 
A brake valve 13 supplies oil pressure to the chamber 
12c. The force of the pressure in the chamber 12c dis- 
engages the pads 12b from the disks 12a. The brake 
valve 13 includes an electromagnetic valve. The spring 
io 12d functions as a holding means to hold the brake 
pads 12b at an engaged position. The brake valve 13 
functions as a releasing means to release the brake 
pads 1 2b from the engaged position. 
[0018] Although the torque converter 2, the trans- 
is mission 3 and the valves 10, 11, 13 are independently 
described in Fig. 1 , these devices are housed in a single 
housing to form an automatic transmission device. The 
transmission 3 includes a hydraulic pump (not shown) to 
supply oil to the pressure chambers 8a, 9a, 12c through 
20 passages (not shown) and the valves 10, 11, 13. The 
hydraulic pump is actuated by the rotational force of the 
transmission 3 when the engine 1 is running. 
[0019] A first gear 14 is fixed to the engine output 
shaft 1a to integrally rotate with the shaft 1a. An engine 
25 speed sensor 1 5 is located in the vicinity of the gear 14 
to detect the engine speed. The engine speed sensor 
15 includes a magnetic pickup for sensing the teeth of 
the first gear 14. The engine speed sensor 15 outputs 
pulse signals proportional to the number of rotations of 
30 the output shaft 1a. A second gear 16 is fixed to the 
transmission output shaft 3b to integrally rotate with the 
shaft 3b. A vehicle speed detection means, which is a 
vehicle speed sensor 17, is located in the vicinity of the 
second gear 16. The vehicle speed sensor 17 includes 
35 a magnetic pickup for sensing the teeth of the second 
gear 16. The vehicle speed sensor 1 7 outputs pulse sig- 
nals proportional to the number of rotations of the out- 
put shaft 3b. 

[0020] A hydraulic pump 18 is driven by the engine 

40 1 ; The pump 1 8 is connected to a lift cylinder 20 and to 
a tilt cylinder (not shown) through pipes (not shown). 
The lift cylinder 20 lifts and lowers a fork 19. The tilt cyl- 
inder tilts a mast 21 . A pressure sensor 22 is attached to 
the lift cylinder 20. The pressure sensor 22 functions as 

45 a load weight detection means that detects the weight 
or load on the fork 19, more particularly the pressure 
sensor 22 detects the oil pressure in the lift cylinder 20 
and outputs a detection signal proportional to the weight 
of load on the fork 19. 

so [0021] An acceleration means, which is an acceler- 
ation pedal 23 in this embodiment/is provided on the 
floor of the cab. An inching pedal 24 and a brake pedal 
25 are also provided on the floor of the cab. The inching 
pedal 24 and the brake pedal 25 both function as brak- 

55 ing means. The inching pedal 24 is used for moving the 
forWift very slowly when there is a load on the fork 19. 
Specifically, the inching pedal 24 is used for partially 
engaging the clutches 8, 9. When the brake pedal 25 is 
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depressed, the brake pedal 25 moves independently 
from the inching pedal 24. When the inching pedal 24 is 
depressed, the brake pedal 25 is also moved when the 
depression amount of the inching pedal 24 exceeds a 
1 predetermined amount. That is, until the inching pedal 5 

24 reaches an inching position, the inching pedal 24 is 
operated independently from the brake pedal 25. If the 
inching pedal 24 is depressed beyond the inching posi- 
tion, the brake pedal 25 is moved integrally with the 
inching pedal 24. 10 
[0022] An acceleration detection means, which is 

an acceleration sensor 26, is attached to the accelera- 
tion pedal 23. The acceleration sensor 26 outputs 
detection signals proportional to the depression amount 
of the acceleration pedal 23. An inching switch 27 is 
detects whether the inching pedal 24 is at the inching 
position. A brake switch 28, which functions as a brak- 
ing detection means, detects whether the brake pedal 

25 is being manipulated. 

[0023] A switching means, which is a shift lever 29 20 
in this embodiment, is provided in the front part of the 
cab. The position of the shift lever 29 is detected by a 
shift switch 30. The shift switch 30 detects whether the 
shift lever 29 is at a forward position F, a reverse position 
R or a neutral position N and outputs a signal represent- 25 
ing the current lever position. 

[0024] The electrical circuit for actuating and con- 
trolling the throttle actuator 7, the forward clutch valve 
10, the reverse clutch valve 11 and the brake valve 13 
will now be described. 30 
[0025] A controller 31 includes a central processing 
unit (CPU) 32, a read only memory (ROM) 33, a random 
access memory (RAM) 34, an input interface 35 and an 
output interface 36. The CPU 32 functions as a control 
means and as a determination means. The ROM 33 35 
stores control programs such as a program for deter- 
mining when to actuate the parking brake 12 and vari- 
ous data necessary for executing the control programs. 
The RAM 34 temporarily stores computation results of 
the CPU 32. The CPU 32 operates based on the control 40 
programs stored in the ROM 33. 
[0026] The engine speed sensor 15, the vehicle 
speed sensor 17, the inching switch 27, the brake 
switch 28 and the shift switch 30 are connected to the 
CPU 32 through the input interface 35. The pressure 45 
sensor 22 and the acceleration sensor 26 are con- 
nected to the CPU 32 through an analog-to-dig ital (A/Q) 
converter and the input interface 35. 
[0027] The CPU 32 is connected to the throttle 
actuator 7, the forward clutch valve 10, the reverse 50 
clutch valve 1 1 and the brake valve 13 through the out- 
put interface 36 and a driver (not shown). 
[0028] The ROM 33 stores a map showing the rela- 
tionship between the depression amount of the acceler- 
ation pedal 23 and the throttle opening. The ROM 33 ss 
also stores data representing an opening degree of the 
forward clutch valve 10 and the reverse clutch valve 1 1 
for inching the forWrft. The data for inching the forWift 
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represents an opening degree of the valves 10, 1 1 that 
partially engages the forward clutch 8 and the reverse 
clutch 9. Further, the ROM 33 stores a map M repre- 
senting the relationship between the weight W of a load 
on the fork 1 9 and threshold engine speeds NE at which 
the brake 12 is disengaged. As shown in Fig. 2, the 
threshold engine speeds NE at which the brake 12 is 
released increases proportionally as the load weight W 
increases. The threshold engine speed NE when the 
load weight is zero is set to an idling speed. Instead of 
the map M, an equation representing the relationship 
between the .threshold engine speed NE and the load 
weight W may be stored in the ROM 33. 
[0029] The CPU 32 receives signals from the sen- 
sors 15, 17, 22, 26 and the switches 27, 28, 30, oper- 
ates according to the control programs stored in the 
ROM 33 and outputs command signals to the throttle 
actuator 7 and the valves 10,11,13. 
[0030] The CPU 32 controls the throttle actuator 7 
such that the engine speed matches a target engine 
speed, which corresponds to the depression amount of 
the acceleration pedal 23. Based on an inching signal 
from the inching switch 27 and on a shift signal from the 
shift switch 30, the CPU 32 controls one of the clutch 
valves 10, 1 1 to partially engage one of the clutches 8, 
9 that corresponds to the position of the shift lever 29. 
[0031 ] The CPU 32 determines whether the vehicle 
speed is less than a stop speed. The stop speed refers 
to a speed of the vehicle that is considered to be zero by 
the vehicle speed sensor 17, which may be approxi- 
mately several centimeters per second. If the vehicle 
speed is equal to or lower than the stop speed and the 
brake switch 28 has output a manipulation detection sig- 
nal of the brake pedal 25 for a predetermined time 
period (for example. 0.5 seconds), the CPU 32 controls 
the brake valve 13 to engage the parking brake 12. In 
this state, the CPU 32 actuates the parking brake 12 
regardless of the position of the shift lever 29. 
[0032] The CPU 32 disengages the parking brake 
12 based on signals from the acceleration sensor 26, 
the shift switch 30 and the pressure sensor 22. When 
disengaging the parking brake 12 when the forWift is on 
a slope, the CPU 32 prevents the forWift from undesira- 
bly moving downhill. 

[0033] The operation of the braking apparatus of 
Fig. 1 will now be described. 

[0034] The CPU 32 receives signals from the accel- 
eration sensor 26 and controls the throttle actuator 7 
such that the throttle opening corresponds to the 
depression amount of the acceleration pedal 23. The 
engine 1 runs at an engine speed corresponding to the 
throttle opening. The engine 1 actuates the hydraulic 
pump 18 to supply oil to the lift cylinder. The rotation of 
the engine 1 is transmitted to the transmission 3 through 
the output shaft 1a and the torque converter 2. 
[0035] When the shift lever 29 is at the neutral posi- 
tion N, the oil pressure is not supplied to the pressure 
chambers 8a, 9a of the clutch valves 10, 11, which 
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maintain the clutches 8, 9 disengaged and rotation of 
the engine output shaft 1a is not transmitted to the out- 
put shaft 3b of the transmission 3. When the shift lever 
29 is at the forward position F, the forward clutch valve 
10 supplies oil to the oil chamber 8a, which engages the 5 
forward clutch 8. Accordingly, the rotation of the engine 
output shaft 1a is transmitted to the output shaft 3b 
through the forward clutch 8. When the shift lever 29 is 
at the reverse position R, the reverse clutch valve 1 1 
supplies oil to the pressure chamber 9a, which engages 10 
the reverse clutch 9. Accordingly, the rotation of the 
engine output shaft 1a is transmitted to the output shaft 
3b through the reverse clutch 9. , 
[0036] In order to carry a load by slowly moving the 
forklift, the operator depresses the inching pedal 24 to 15 
the inching position. Accordingly, the inching switch 27 
outputs an inching signal' Upon receipt of the inching 
signal, the CPU 32 causes a clutch 8, 9 that is currently 
selected by the shift switch 30, for example, the forward 
clutch 8, to be partially engaged. Specifically, the CPU 20 
32 outputs a signal to control the opening of the forward 
clutch valve 10 to a predetermined opening position. As 
a result, engine power that is transmitted to the trans- 
mission output shaft 3b is decreased. Thus, even if the 
engine speed is increased due to manipulation of the 25 
fork 19, the forklift moves slowly. 
[0037] When the forklift is moving, the brake valve 
13 supplies oil pressure to the pressure chamber 12c of 
the parking brake 12, which maintains the brake pads 
1 2b at the disengaged position. 30 
[0038] When the operator depresses the brake 
pedal 25 or the inching pedal 24 beyond the inching 
position, the brake pedal 25 is moved to the braking 
position. In this state, the brake switch 28 sends a brak- 
ing signal to the CPU 32. The CPU 32 counts the pulses 35 
of a signal from the vehicle speed sensor 1 7 per unit 
time and computes the vehicle speed. If the vehicle 
speed is equal to or less than the stop speed and the 
CPU 32 has been receiving the braking signal for a pre- 
determined period (for example, 0.5 seconds), the CPU 40 
32 outputs a braking command signal to the brake valve 
13. The braking command signal causes the brake 
valve 13 to stop supplying oil pressure to the brake 
pressure chamber 12c. This allows the brake pads 12b 
to be pressed against the disks 12a by the force of the 45 
spring 1 2d. That is, the pads 1 2b are moved to the brak- 
ing position, which engages the parking brake 12. In this 
manner, the operator can depress either the brake 
pedal 25 or the inching pedal 24 to stop the forklift and 
automatically engage the parking brake 12. 50 
[0039] When the forklift is moving at a relatively 
high speed, the operator depresses either the inching 
pedal 24 or the brake pedal 25 to decelerate the forklift. 
Even if the operator releases the pedal 24, 25 
depressed before the forklift speed is decreased below 55 
the stop speed, the forklift speed can still decrease 
below the step speed. In this case, the CPU 32 does not 
receive a braking signal and therefore does not output 
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the braking command signal to the brake valve 13. 
[0040] The operation of the braking apparatus of 
Fig. 1 for disengaging the parking brake 12 will now be 
described. 

[0041 ] .When the forklift starts moving up on a slope 
and there is no load on the fork 19. disengaging the 
parking brake 12 with the engine idling does not cause 
the forWift to move backward as long as the shift lever 
29 is at the forward position and the forward clutch 8 is 
engaged. However, if a load is on the fork 19, disengag- 
ing the parking brake 1 2 on a slope is likely to cause the 
forklift to move backwards. 

[0042] When the shift lever 29 is not at the neutral 
position N, that is, when the shift lever 29 is at the for- 
ward position F or at the reverse position R, the shift 
switdh 30 outputs a signal indicating that the shift lever 
29 is ndt at the neutral position: If the parking brake 12 
is engaged in this state, the CPU 32 computes the load 
weight W based on a signal from the pressure sensor 
22 upon receipt of an acceleration signal from the accel- 
eration sensor 26. Then, the CPU 32 computes the 
value of the threshold engine speed NE that corre- 
sponds to the weight W. The CPU 32 determines 
whether the actual engine speed is equal to or greater 
than the threshold speed NE based on signals from the 
engine speed sensor 15. If the actual engine speed is 
equal to or greater than the threshold speed NE, the 
CPU 32 outputs a disengagement signal to the brake 
valve 13 to disengage the parking brake 12. Accord- 
ingly, when the parking brake 12 is disengaged, the 
forklift does not move backward. 
[0043] The apparatus of Fig. 1 has the following 
advantages. 

(1) When the brake pedal 25 is depressed and the 
vehicle speed is equal to or less than the stop 
speed, the parking brake 12 is automatically 
engaged, which eliminates the necessity for a park- 
ing lever to engage the parking brake 12. Also, the 
operator does not have to keep the brake pedal 25 
depressed temporarily stopped on a slope. Even if 
the operator does not depress the acceleration 
pedal 23, the forklift moves very slowly, or creeps, 
due to the mechanism of the torque converter 2. If 
the operator wishes to decrease the speed of the 
forklift to the creeping speed, the operator only 
needs to decelerate the forklift to a speed that is 
greater than the stop speed by depressing the 
brake pedal 25. 

(2) When the forklift speed is less than the stop 
speed and the CPU 32 has received the braking 
signal for a predetermined period, the parking 
brake 12 is engaged. The parking brake 12 is 
engaged after the forklift is completely stopped, 
which reduces shock due to engagement of the 
parking brake 12. The engagement of the parking 
brake 12 therefore does not disturb the operator. 
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Also, the life of the parking brake 12 is extended. 

(3) The parking brake 12 is engaged when the 
engine 1 is stopped. Thus, if the forWift stops after 
the operator releases the brake pedal 25, the park- s 
ing brake 12 is automatically engaged when the 
engine 1 is stopped. In other wonds, the operator 
does not have to manipulate a lever or switch to 
engage the parking brake 12. Thus, the apparatus 

of Pig. 1 eliminates the necessity for a means, 10 
which is manipulated by the operator, for engaging 
the parking brake 12 when the engine 1 is stopped, 
which simplifies the structure. 

(4) The parking brake 12 is engaged by the spring is 
12d and disengaged by hydraulic force. Thus, com- 
pared to a device that uses electromagnetic force to 

/ disengage a parking brake, the apparatus of Fig. 1 
\ is smaller. 

20 

(5) The transmission 3 includes the hydraulic for- 
ward and reverse clutches 8, 9, which transmit rota- 
tion of the engine 1 to the output shaft 3b through 
the torque converter 2. The parking brake 12 is 
located in the transmission 3. The parking brake 12 2s 

1 is engaged by the spring 12d and disengaged by 
the hydraulic force. The parking brake 12 therefore 
occupies relatively little space. Oil pressure for dis- 
engaging the parking brake 12 is easily obtained 
from the hydraulic pump located in the transmission 30 
3. 

(6) The parking brake 12 is disengaged when the 
acceleration pedal 23 is depressed with the shift 
lever 29 located in a position other than the neutral 35 
position N and the engine speed is higher than the 
threshold speed, which corresponds to the weight 

W of the load on the fork 19. Therefore, when the 
forWift is headed up a slope, disengaging the park- 
ing brake 12 does not cause the forWift to move 40 
backward. 

(7) The weight of the load on the fork 19 is continu- 
ously monitored by the pressure sensor 22. The 
threshold engine speed, at which the parking brake 45 
1 2 is disengaged, is proportional to the weight W of 
the load. In other words, the weight W of a given 
load on the fork 19 corresponds to one threshold 
speed of the engine 1. Therefore, for each value of 

the load weight W, the threshold engine speed is so 
optimized, or minimized. 

A second embodiment of the present invention 
will now be described with reference to Fig. 4. In the 
embodiment of Figs. 1 and 2, once the parking 
brake 12 is engaged, releasing the braking means 55 
does not disengage the parking brake 12. In the 
embodiment of Fig. 4, if the parking brake 12 is 
engaged by manipulating the braking means with a 
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force that is weaker than a predetermined level, 
releasing the braking means disengages the park- 
ing brake 12. 

Also,,the embodiment of Fig. 4 is different from 
the embodiment of Figs. 1 and 2 in that the service 
brakes 6 are eliminated. lnjtoe_ embodiment of Fig . 
4. one of the clutches 8. 9 that is not currenHyjjsed 
for moving the forkJift is used as a service br ake. 
Like or the same reference numerals are given to 
those components that are like or the same as the 
corresponding components of the embodiment of 
Figs. 1 and 2. 

A brake switch 37 is located near the brake 
pedal 25. The brake pedal 25 detects when the 
brake pedal is located in the braking position. A 
manipulation force detection means, which is a 
manipulation force sensor 38, is coupled to the 
brake pedal 25 to detect the force applied to the 
brake pedal 25. The force sensor 38 includes a cyl- 
inder, which has a chamber filled with oil. Two pis- 
tons are located in the cylinder at the ends of the 
chamber. The first piston has a piston rod 38a, 
which is coupled to the brake pedal 25. A spring is 
located between the secxpnd piston and the bottom 
of the cylinder. The force of the spring is deter- 
mined such that the relationship between the force 
applied to the pedal 25 and the depression amount 
of the pedal 25 is substantially the same as that of 
the apparatus of Fig. 1,, which has the service 
brakes 6. .When the brake pedal 25 is depressed, 
the oil pressure in, the cylinder chamber increases 
in proportion to the applied force. A pressure sen- 
sor (not shown) detects the oil pressure and out- 
puts a detection signal the value of which 
corresponds to the applied force, or depression 
force. 

The force sensor 38 is connected to the CPU 
32 through an A/D converter (not shown) and the 
input interface 35. The brake switch 37 is con- 
nected to the CPU 32 through the input interface 
35. A memory means, or the ROM 33, stores a map 
or an equation that represents the relationship 
between the force applied to the brake pedal 25 and 
value of current supplied to one of the clutches 8, 9 
to generate a braking force corresponding to the 
force applied to the brake pedal 25. 

The CPU 32 computes the force applied to the 
brake pedal 25 based on a signal from the force 
sensor 38. The CPU 32 then computes the level of 

! current that corresponds to the force applied to the 
brake pedal 25 and outputs the current level to one 

i of the dutch valves 10, 1 1 of one of the clutches 8, 

19 that is not currently being used for moving the 
forWift. As a result, a braWng force, the magnitude 

, of which corresponds to the force applied to the 
brake pedal 25, is generated. 
/ The CPU 32 controls the brake valve 13 such 
that the parWng brake 12 is engaged under the 
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same conditions as the embodiment of Figs. 1 and 
2. A releasing means, which is the CPU 32 in this 
embodiment, determines whether the force applied 
to the brake pedal 25 is equal to or greater than a 
predetermined level. When the brake pedal 25 is 5 
released before the predetermined amount of force 
has been applied to the pedal 25, the CPU 32 con- 
trols the brake valve 13 to disengage the parking 
brake 12 after the pedal 25 is released. If the brake 
pedal 25 is released after a force that is greater 10 
than the predetermined level is applied to the pedal 
25, the CPU 32 controls the brake valve 13 such 
that the parking brake 12 continues to be engaged, 
after the pedal 25 is released. In this case, the CPU 
32 controls the brake valve 13 to disengage the 15 
parking brake 12 when at least the acceleration 
pedal 23 is depressed. In other words, the CPU 32 
disengages the parking brake 12 under the same 
condition as the first embodiment. 

In addition to the advantages (1) to (7) of the 20 
first embodiment, the second embodiment has the 
following advantages. , 

(8) If the brake pedal 25 is released after being 
depressed by a force smaller than the predeter- 25 
mined level when the parking brake 12 is engaged, 

the parking brake 12 is disengaged. If the brake 
pedal 25 is released after being depressed by a 
force that is equal to or greater than the predeter- 
mined level, the parking brake 12 continues to be 30 
engaged. Thus, the operator can maintain or disen- 
gage the parking brake 12 by controlling the force 
applied to the brake pedal 25. For example, when 
the forklift is moving very slowly, it is preferable that 
the forWrft starts creeping after the operator 35 
releases the brake pedal 25. This can be achieved 
by depressing the brake pedal 25 or the inching 
pedal 24 with a weak force. When stopping the fork- 
lift on a slope, if the operator depresses the brake 
pedal 25 with a relatively great force, releasing the 40 
brake pedal 25 does not disengage the parking 
brake 12, and thus, the forklift is prevented from 
moving downward. 

(9) The braking means includes the brake pedal 25 45 
and the inching pedal 24, which moves integrally 
with the brake pedal 25 when the brake pedal 25 is 
depressed by an amount greater than a predeter- 
mined amount. When the inching pedal 24 is at the 
inching position, a clutch that is currently being so 
used for moving the forklift is partially engaged. 
Thus, when the forklift is moving very slowly, the 
operator can temporarily stop the forklift and permit 

the forklift to creep again by using only the inching 
pedal 24. In other words, the operator does not 55 
need to step on the acceleration pedal 23 to start 
the forklift, which simplifies the operation of the 
forklift. 



(10) The second embodiment does not require the 
service brakes 6, which reduces the number of 
manufacturing steps and the manufacturing cost. 

[0044] It should be apparent to those skilled in the 
art that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 
ing forms. 

[0045] In the first embodiment, the threshold engine 
speed, above which the parking brake 12 is engaged, 
has a one-to-one relationship with the load weight W 
detected by the pressure sensor 22 as shown in the 
graph of Fig. 2. However, as shown in Fig. 3. the thresh- 
old engine speed NE may be discretely increased. 
[0046] The conditions for' disengaging the parking 
brake 12 may be satisfied when a manipulation detec- 
tion signal is output from the acceleration sensor 26. It 
is preferable that the operator be able to select the 
creeping speed and slow moving speed of the forklift. If 
the parking brake 12 is disengaged every time the 
acceleration sensor 26 outputs a signal indicating that 
the acceleration pedal 23 is depressed, the operator 
can disengage the parking brake 12 simply by depress- 
ing the acceleration pedal 23. Thus, when the forklift 
carries a load on a flat road surface, the operator can 
easily switch between creeping speed and the slow 
moving speed, which facilitates the operation. 
[0047] The conditions' for disengaging the parking 
brake 12 may be satisfied when the acceleration sensor 
26 outputs a manipulation detection signal and the shift 
lever 29 is not located at the neutral position N. In this 
case, the forklift is smoothly started on a sloped road if 
there is no load on the fork 19. When starting the forklift 
on a sloped road with a heavy load on the fork 19, the 
operator must adjust the engine speed before shifting 
the lever 29 from the neutral position N. However, the 
pressure sensor 22 can be omitted and the operation of 
the CPU 32 will be simplified. 

[0048] The forklift may have a detecting means, or 
an inclination sensor, for detecting an inclination of the 
road and the threshold engine speed may be deter- 
mined based on the detected inclination and the weight 
W of the load. The inclination sensor may be a potenti- 
ometer type or a torque balance type. The inclination 
sensor is connected to the CPU 32 through an A/D con- 
verter and the input interface. The CPU 32 computes 
the inclination of the road surface based on signals from 
the inclination sensor and sets a threshold engine 
speed corresponding to the road inclination. Specifi- 
cally, the CPU 32 multiplies a threshold engine speed 
for the same load when the forklift is on a flat road sur- 
face by the road inclination angle and a proportion con- 
stant. When the engine speed reaches the computed 
threshold value, the CPU 32 sends a disengagement 
signal to the brake valve 13. This structure more effec- 
tively prevents the forklift from undesirably moving 
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downward when the parking brake 12 is disengaged 
when the vehicle is on a sloped road. 
[0049] Instead of determining the threshold value of 
the engine speed based on the road inclination and the 
load weight W ( a single threshold engine speed, which 5 
corresponds to the maximum load weight W, may be 
used. In this case, the forWrft includes an inclination 
detection means, ff the forklift is heading up a slope, the 
parking brake 12 is disengaged when the engine speed 
reaches the threshold value regardless of the inclination io 
angle. In this case, the inclination detection means 
needs not detect the angle of the inclination. Therefore, 
the. detection means has a simple construction. Also, 
the CPU 32 does not require information about the load 
weight, which simplifies the operation of the CPU 32. 15 
Instead of detecting whether the forklift is on a slope, 
whether the angle of the inclination is equal to or greater 
than a predetermined threshold angle may be detected. 
In this case, if the inclination angle is equal to or greater , 
than the threshold angle, the parking brake 12 is disen- 20 
gaged when the engine speed reaches the threshold 
value. 

[0050] The inclination may be detected without 
using the inclination sensor. In other words, the inclina- 
tion detection means may comprise other sensors. For 25 
example, the inclination may be determined based on 
the relationship between the vehicle speed and the 
engine speed. When the forklift is stopped, the deter- 
mined inclination angle may be stored in a non-volatile 
memory. The stored inclination angle is then used when 30 
the forklift is started. The non-volatile memory may be 
an electrical erasable programmable ROM (EEPROM) 
or a RAM with a back-up battery. This construction does 
not require an inclination sensor. The CPU 32 deter- 
mines the road inclination using signals from the engine 35 
speed sensor 15 and the vehicle speed sensor 17, 
which are already installed in the apparatus. 
[0051] If the parking brake 12 is disengaged based 
on signals from the inclination detection means, the shift 
switch 30 may output a signal that indicates whether the 40 
position of the shift lever 29 matches the actual moving 
direction of the forklift. The CPU 32 may send a disen- 
gagement signal to the brake valve 13 when the shift 
switch 30 outputs a signal that indicates the shift lever 
position matches the actual moving direction of the fork- 45 
lift. Specifically, if the forklift is stopped after moving 
uphill in the forward direction, the operator may shift the 
shift lever 29 to the neutral position N from the forward 
position F. The CPU 32 outputs a disengagement signal 
when the shift lever 29 is shifted to the forward position so 
F again. When the forkfrft is moving uphill in the rear- 
ward direction, the CPU 32 operates in the same man- 
ner. That is, when the forklift is stopped and started 
again, the CPU 32 disengages the parking brake 12 
only if the shift lever 29 is shifted to the reverse position. 55 
Thus, if the operator erroneously shifts the shift lever 29 
to a position that is opposite to the lever position before 
the forWrft was stopped, the parking brake 12 is not dis- 



engaged. Therefore, the forklift is not moved in an unde- 
sirable direction. 

[0052] In the illustrated embodiments, the parking 
brake 12 is located in the transmission 3. The parking 
brake 12 is engaged by the force of the spring 12d and 
disengaged by the hydraulic pump located in the trans- 
mission 3. However, the parking brake 12 may be 
located on a propeller shaft (not shown) between the 
transmission 3 and the differential gear 4. The parking 
brake 12 may be disengaged by the hydraulic pump 18, 
which is used for actuating the lift cylinder 20. In this 
case, conventional transmission having a torque con- 
verter can be used. 

[0053] In the illustrated embodiments, the parking 
brake 12 is engaged and disengaged by the spring force 
and hydraulic force. However, the parking brake 12 may 
be engaged and disengaged by a solenoid. 
[0054] ' The apparatus of Fig. 4 may include a serv- 
ice brake and the braking force may be controlled by the 
service brake. In this case, the force applied to the 
brake pedal 25 is detected based on the depression 
amount of the brake pedal 25. The CPU 32 disengages 
the parking brake 12 based on whether the depression 
amount of the brake pedal 25 is greater than a predeter- 
mined amount. 

[0055] In the embodiment of Fig. 4, the manipula- 
tion force detection means may be any form so long as 
it detects that the manipulation force is equal to or 
greater than the predetermined level. The manipulation 
force detection means needs not continuously detect 
the manipulation force. For example, the manipulation 
force detection means may be a limit switch. The limit 
switch detects that the force applied to the brake pedal 
25 is above the predetermined range. 
[0056] Like the embodiment of Fig. 4, the service 
brake 6 may be omitted from the apparatus of Fig. 1 . 
The braking force may be generated by simultaneously 
engaging the forward clutch 8 and the reverse clutch 9. 
[0057] If the service brake 6 is omitted, the parking 
brake 12 may also function as a service brake. For 
example, a means for detecting the depression amount 
of the brake pedal 25 and an electromagnetic propor- 
tional valve for continuously adjusting the opening of the 
brake valve 13 may be provided. In this case, the ROM 
33 stores a map or an equation representing the rela- 
tionship between the depression amount of the brake 
pedal 25 and the opening size of the brake valve 13 for 
obtaining the corresponding braking force. The CPU 32 
controls the brake valve 13 such that the valve opening 
corresponds to the depression amount of the brake 
pedal 25. This construction does not require the service 
brake 6, which reduces the manufacturing step and cost 
. of the forklift. Also, if the parking brake 12 also functions 
as a service brake, the forward clutch valve 10 and the 
reverse clutch valve 1 1 may be simultaneously control- 
led such that the braking force is partly generated by the 
forward and reverse clutch 8. 9. 
[0058] In the illustrated embodiments, the clutches 
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8, 9 and the hydraulic pump for supplying oil to the 
chambers 8a, 9a, 12c are provided inside the transmis- 
sion 3. However, oil may be supplied to the chambers 
8a, 9a, 12c by the hydraulic pump 18, which supplies oil 
to the lift cylinder 20. 

[0059] In the industrial vehicle disclosed in Japa- 
nese Unexamined Patent Publication No. 6-247190, the 
vehicle speed is controlled in accordance with the 
manipulation amount of the acceleration means and the 
engine speed is controlled in accordance with the 
manipulation amount of the loading lever. If applied to 
the vehicle of the publication, the apparatus of the 
present invention will facilitate the control of the vehicle 
when the vehicle simultaneously moves and manipu- 
lates the load. In this case, the inching pedal 24 is not 
necessary. 

[0060] In the illustrated embodiments, the rotation 
of the engine 1 is transmitted to the transmission 3 
through the torque converter 2. However, rotation of the 
engine 1 may be directly transmitted to the transmission 
3. Alternatively, rotation of the engine 1 may be trans- 
mitted to the transmission 3 through a clutch. 
[0061] The moving direction of the forklift is 
switched by the shift lever 29 in the illustrated embodi- 
ments. The moving direction may be switched by but- 
tons. The buttons correspond to the forward position F, 
the reverse position R and the neutral position N, 
respectively. The shift switch 30 comprises contacts 
actuated by the buttons. 

[0062] The illustrated apparatuses of Figs. 1 and 4 
may be used in other industrial vehicles that have a 
hydraulic system for manipulating a cargo. For example, 
the apparatuses may be used in a bucket loader. 
[0063] In the illustrated embodiments, the brakes 
are controlled by pedals. The brakes may be controlled 
by a manually controlled lever. 

[0064] A parking brake for maintaining an industrial 
vehicle in a stationary position is kept engaged by a 
holding mechanism. The parking brake is disengaged 
by a releasing mechanism. Whether the vehicle speed 
is equal to greater than a predetermined value is deter- 
mined based on a detection signal from a speed detec- 
tor. If the vehicle speed is less than the predetermined 
value, the releasing mechanism is controlled such that 
the parking brake is automatically engaged. 

Claims 

1 . A parking brake apparatus for an industrial vehicle, 
characterized by that: 

a braking member maintains the industrial 
vehicle in a stationary position; 
holding means holds the braking member in an 
engaged state; 

releasing means releases the braking member 

from the engaged state; 

first detection means detects the speed of the 



vehicle and generates a speed indication sig- 
nal; 

determination means determines whether the 
vehicle speed is equal to or less than a prede- 

s termined value based on the speed indication 

signal from the first detection means, and gen- 
erates a first determination signal; and 
control means controls the releasing means to 
engage the braking member, based on the first 

10 determination signal. 

2. The parking brake apparatus according to claim 1 , 
characterized by that the industrial vehicle includes 
an accelerator, and that the parking brake appara- 

15 tus further comprises: 

'acceleration means for manipulating the accel- 
erator; 

second detection means for detecting when the 
20 acceleration means is manipulated and gener- 

ating a manipulation signal; and 
wherein', upon receipt of the manipulation sig- 
nal, the control means controls the releasing 
means to disengage the braking member. 

25 

3. The parking brake apparatus according to claim 2, 
characterized by that the industrial vehicle further 
includes switching means for switching the moving 
direction of the vehicle between forward and 

30 reverse, and that the parking brake apparatus fur- 
ther comprises: 

third detection means for detecting the moving 
direction of the vehicle as specified by the 
35 switching means, and generating a direction 

signal; and 

wherein, depending upon the direction signal, 
the control means controls the releasing 
means to disengage the braking member. 

40 

4. The parking brake apparatus according to claim 3, 
characterized by that, when an engine speed of the 
vehicle exceeds a predetermined value, which cor- 
responds to the weight of a load being carried by 

45 the vehicle, the control means controls the releas- 
ing means to disengage the braking member. 

5. The parking brake apparatus according to claim 4, 
characterized by that weight detection means 

so detects the weight of the load being carried by the 
vehicle; and memory means stores a map or an 
equation representing a relationship between the 
engine speed and the value of an engine speed at 
which the parking brake is disengaged, wherein the 

55 control means retrieves the engine speed value 
from the memory using the weight indicated by the 
weight detection means and controls the releasing 
means to disengage the brake member when the 
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engine speed reaches the retrieved engine speed. 

6- The parking brake apparatus according to claim 3, 
characterized by that fourth detection means 
detects a slope of a surface upon which the vehicle s 
is traveling, wherein, upon receipt of a slope signal 
from the fourth detection means indicating that the 
surface is sloped, the control means controls the 
releasing means to disengage the braking member 
when the engine speed exceeds a predetermined 10 
value which corresponds the inclination of the 
slope. 

7. The parking brake apparatus according to claim 6, 
characterized by that, when the engine speed is 
reaches a predetermined value, which corresponds 
to the maximum weight of a load, the control means 
. controls the releasing means to disengage the 
\ braking member. 



8. The parking brake apparatus according to claim 6, 
characterized by that, when the direction signal 
from the third detection means indicates that the 
position of the switching means corresponds to the 
moving direction of the vehicle, the controls means 25 

. controls the releasing means to disengage the 
braking member. 

9. The parking brake apparatus according to claim 6, 
characterized by that the fourth detection means 30 
detects the slope of the surface based on the rela- 
tionship between the vehicle speed and the engine 
speed, and that the fourth detection means stores 
the detected slope data in a memory and uses the 
stored data when the vehicle starts moving again. 35 
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(54) Parking brake apparatus for industrial vehicle 



(57) A parking brake (12) for maintaining an indus- 
trial vehicle in a stationary position is kept engaged by 
a holding mechanism (1 2d). The parking brake is disen- 
gaged by a releasing mechanism (1 3). Whether the ve- 
hicle speed is equal to greater than a predetermined val- 



ue is determined based on a detection signal from a 
speed detector ( 1 7) . If the vehicle speed is less than the 
predetermined value, the releasing mechanism is con- 
trolled such that the parking brake is automatically en- 
gaged. 
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